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THE BEARING CAPACITY OF CEMENT-TREATED LOESS:
A CASE HISTORY OF KHON KAEN LOESS, THAILAND
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Department of Civil Engineering
Khon Kaen University, Khon Kaen 40002 THAILAND

Watcharin Gasaluck
Sustainable Infrastructure Research and Development Center
Department of Civil Engineering
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ABSTRACT
The loess terrain exists in abundance in the Northeastern region of Thailand. The soil has a potential to collapse which has been
caused by wetting. This study reports the characteristics of Khon Kaen loess under various conditions. A case study of foundation
damage of building found on this soil is presented. The water supply pipe in front of a three-story building founded on shallow
foundations in Khon Kaen University was broken. The loess supporting the foundation at the middle part of the building was soaked
and the foundations were severely then settled. Some reinforced concrete beams and columns were investigated by civil engineers and
it was found that some parts of the building have a big damage. This study also aims to investigate the suitability of this soil as a
foundation layer by performing a 1g physical modeling test. The undisturbed samples used in the model test were excavated and
prepared from field. The results show that the addition water can dramatically reduce the bearing capacity of the loess. The next series
of tests were performed with the cement-treated loess samples and it was found that additional cement can increase the bearing
capacity of the loess soil.

INTRODUCTION
Northeastern region of Thailand comprises an area of about
168,800 square kilometers. It is bounded on the north and east
by the Mekong River. The general physiography is mainly
undulated by high plateau and interspersed with low-lying
hills and wide sloping valleys. The top most soil layers found
in all areas were loess layer or wind-deposited soil. From
geological characteristics, loess is known in civil engineering
as one of the major problematic soils because of its collapse
and sudden decrease in volume of voids. A severe settlement
problem for many buildings founded on the loess layer was
observed. The loess deposits in Thailand can be classified into
two, Red Loess and Yellow Loess (Phien-wej et al., 1992).
Lithologically and mineralogically of the two units are similar
but difference only in oxidation states. The thickness of this
layer ranges from a few meters to more than 6 m. Thick loess
deposits are found in high elevation areas of the region
including Khon Kaen, which is the economic center of the
upper region (Fig.1). The soil was firstly considered as a good
bearing layer. Sarujikumjonwattana et al. (1987) found that
wetting of the soil by leaking water from drains and sewers
caused the severe settlement and damage of the irrigation
structures and low-rise buildings. In this study, properties of
Khon Kaen loess are presented and a case history about
foundation failure on this soil layer occurred in Khon Kaen
University is reported. A physical modeling performed with
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1g laboratory were then carried out with an objective of
investigating the suitability of this soil as a shallow foundation
layer after getting improvement.

Fig.1. Areas of loess deposits (stippled area) in Thailand
(after Phien-wej et al. 1992).
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SOIL PROPERTIES
A series of laboratory tests were carried out on red loess unit.
The samples were excavated from field found in Khon Kaen
University, where several foundation problems associated with
this soil had occurred. Undisturbed samples of the soil were
taken by means of block sampling. The samples were carefully
trimmed and waxed from the bottom of excavated pits (Fig.2).
The tests were initially conducted on the soil under in-situ
water content. In the laboratory tests, engineering properties of
the loess were investigated. The basic, index and engineering
properties of Khon Kaen loess are tabulated in Table 1. The
soil is silty fine sand (SM). The loess consists of 65% sand,
30% silt and 5% clay. The oedometer test was used for the
determination of the consolidation characteristics of the soil.
In the test, the undisturbed and remolded samples were
subjected to the axial load in the oedometer box without the
swelling process. Figure 3 shows the comparison of the
compressibility characteristic between undisturbed and
remolded samples. From the curve of undisturbed sample, the
compression index is 0.0135 with maximum past pressure of
1334 kPa. The compression index of remolded sample is only
half of the undisturbed sample. Also a series of triaxial
compression tests was carried out with the aim of obtaining
the strength parameters of the loess under various confining
pressures. The tests conducted in this study were the
consolidated-undrained (CD) test. From the experimental
results, the Mohr-Culomb shear failure envelope gives
approximately a c ' value of zero and the φ ' value of 38
degrees.

The settlement was continuously monitored using the
surveying instruments. It was found after discover that even
the broken pipe was repaired and the water flow was
completely stopped but the settlement at the middle of the
building still continued at an average rate of 0.084 mm/day.
This building was finally encountered a serious condition. The
problem was discussed with engineers and faculty members
whether this building should be rehabilitated or should be
destroyed. The main structures were then carefully examined
by experienced engineers and it was concluded that the
building can continue to be used and can be rehabilitated.
Because a laterite layer was found at depth about 7-8 meters
from ground surface, an underpinning technique was finally
selected as a remedial measure to solve this settlement
problem. This case study shows a good example that an
inappropriate design of foundation on problematic soil will
make a future problem and will make a costly remedial
measure.

A CASE STUDY OF FOUNDATION FAILURE IN KHON
KAEN UNIVERSITY
Many cracks and damage of structures in a three-story
reinforced concrete building of the Department of
Environmental Engineering, Faculty of Engineering, Khon
Kaen University was observed after using for a several years.
The layout of this building is schematically shown in Figure 4.
The width and length of this building are 36.5 and 96.0 meters,
respectively. The spread footings were used as a type of
foundation and it bears on the loess at the depth of 2 meters
from the soil surface. The design bearing capacity is about 100
kPa. From the plate bearing test performed before the starting
of the construction has been indicated that the ultimate bearing
capacity of this foundation was higher than that of the design
capacity more than two times. It was found from the
observation by engineers that tree roots of big trees broke the
main pipe of water supply buried in front of this building. The
accident has occurred during a long holiday of Thailand so that
no one can observe the problem. The leaking water continues
to flow through the loess layer under the center of this building
for many days and the water makes the loess soil becoming in
the saturated condition while the soil beneath the other parts of
the building was still dry. A great differential settlement was
then occurred and the building structures were damaged.
Diagonal cracks could be easily seen in many walls and
columns. Figure 5 shows the pictures of the building damage.
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Fig.2. Excavation pit.

Table 1. Properties of Khon Kaen loess
Property
- Specific gravity
- Natural dry unit weight (kN/m3)
- Natural water content during rainy
season (%)
- Liquid limit (%)
- Plastic limit (%)
- Plasticity index (%)
- Soil classification (USCS)
- Optimum moisture content (%)
- Maximum dry unit weight (kN/m3)
- Coefficient of permeability (cm/s)

Khon Kaen Loess
2.60
15.3
8-12
16.0
13.0
3.0
SM
9.7
21.1
2.80 x 10-6

2

0.62

0.3

0.58

Void ratio, e

Void ratio, e

0.6

0.56
0.54

0.29

0.28

0.52
0.5
10

100

1000

10000

0.27
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Pressure (kPa)
(a) Undisturbed sample

100

1000

10000

Pressure (kPa)
(b) Remolded sample

Fig.3. Results from Oedometer tests.

This part of the building settled.

F1

Water flowed out from the
broken pipe.

can be monitored by the digital video camera recorded realtime during testing from the transparent tank. The loading
apparatus consists of a system of jacks, control system, a
system of transducers and data acquisition system. Figure 6
shows the overview of the apparatus. The configuration allows
the jacks to move up and down so that any designed vertical
load and pull out force could be applied. The signals from
electrical transducers can be captured by data acquisition
system. The loads acting on the footing were measured by two
proving rings and the movement of the footing was recorded
by a system of LVDTs. A rectangular container was used to
contain the loess sample. The footing was assembled on the
soil sample before setting up the loading system. The loading
system was then lifted to the required position and bolted on
the top of the container after finishing the ground preparation.

The water rose up here.

F2

Fig.4. The layout of the Department of Environmental
Engineering building (after Gasaluck and Veerasiri, 2002).

Fig.6. Equipments used in 1g physical modeling tests.

Fig.5. Severe cracks in columns and diagonal cracks on walls
(after Gasaluck and Veerasiri, 2002).

A PHYSICAL MODELING TEST
This section presents the results of from 1g physical modeling
test. It is aimed to investigate the performance of soil as a
shallow foundation layer. The tests were conducted on the
same initial conditions so that test results from different
parametric studies can be properly compared and discussed.
Experimental testing has been conducted using a transparent
tank with a loading system. A key feature of this apparatus is
that the bearing capacity of the soil and foundation can be
evaluated and displacement of the soil beneath the foundation
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The model foundation used for the test program is made of
steel with a rectangular shape. The footing is a constant width,
B, of 50 mm with a length (L) of 400 mm and can be
considered as a striped foundation. The soil used for all tests
was red Khon Kaen loess. The physical properties are already
given in Table 1. An undisturbed loess sample with natural
water content was carefully excavated and prepared from field
(Fig.7). The sample was cut with a small knife to make a
dimension of the sample fitting in the transparent container.
This sample was tested in order to observe the bearing
capacity of the soil under natural condition. It was found from
the loading test that the bearing capacity of the soil was very
high at the natural water content. The next test program
consists of 3 more samples under the same 1g loading test.
The second sample was also excavated from the same
excavation pit with the same water content but before
performing the loading test the water was added to the soil
surface. This simulation represents the soaked condition of the
soil. For the last two samples were prepared in laboratory by
adding the cement to the natural disturbed soil. From the
previous studies (Gasaluck and Punrattanasin, 2003 and
Punrattanasin, 2005), it was found that the loess mixing with
cement can dramatically increase the bearing capacity and can
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reduce the severe settlement. A cement of 5% by weight was
measured to mix with dry soil with a water content of 7%
(same amount of natural water content of undisturbed sample).
After mixing, the cement-treated sample was compacted by
the standard proctor method in the container and was kept
about one day for curing. The ready cement-treated sample
was then tested to investigate the bearing capacity. Sample
No. 4 was prepared with the same procedures of cementtreated loess at the natural water content but the before the
test, water was added with the same amount used the test
No.2. The objective of Test No.4 is to observe the bearing
capacity of the treated soil under soaked condition. All tests
are grouped and detailed in Table 2.

demonstrate that the additional water can dramatically
decrease the ultimate bearing capacity of the footing on
undisturbed loess. The ultimate bearing capacity of cementtreated loess cannot identify in the plot in Figure 10 due to the
limitation of the proving capacity but it can be seen that the
capacity of the foundation is over 2500 kN/m2. After test, the
capacity of the treated sample under soaked condition is about
2100 kN/m2 at a displacement of 1.0 mm. Table 3 summarizes
both the ultimate bearing capacity and the bearing capacity of
footings at a settlement of 0.1B or 5.0 mm. The results in
pressure-settlement curves in figure 9 are much flatter than
that of in figure 8. The higher capacity and lower settlement of
the stabilized sample can be interpreted that the behavior of
the stabilized soil is quite similar to the behavior of concrete.
2
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Fig.7. A big block sample excavated from field.

Fig.8. Pressure-settlement relationship of undisturbed sample
under natural water content and soaked condition.

Table 2. 1g test conditions
Test condition
00

Undisturbed sample with natural water content
Undisturbed sample under soaked condition
Cement-treated sample with natural water content
Cement-treated sample under soaked condition

TEST RESULTS
The ultimate bearing capacity of the footing in this study is
defined at the peak load in pressure-settlement relationship. In
the case where large settlement occurred, peak load was not
selected. Instead the load at a settlement of 10% of footing
width (0.1B or 5mm) was chosen. Since the tests are
displacement-controlled, the displacement can be continued
after the peak load. An ultimate bearing capacity of 1125
kN/m2 at a displacement of 9.0 mm was found in the pressuresettlement relationship (Fig.8) for the footing resting on the
undisturbed sample at natural water content. For foundation on
undisturbed sample at soaked condition, the capacity of 160
kN/m2 was found at a settlement of 6.0 mm. Fig. 8 clearly
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Fig.9. Pressure-settlement relationship of cement-treated
sample under natural water content and soaked condition.
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Table 3. Results from 1g tests.

Test
No.
1
2
3
4

Ultimate
bearing
capacity
(kN/m2)
1125
160
>2500
2130

Settlement
at ultimate
bearing
capacity
(mm)
9.0
6.0
N.A.
1.0

Capacity
at 0.1B

Settlement at
0.1B

(kN/m2)
700
100
N.A.
2150

(mm)
5.0
5.0
5.0
5.0

N.A.: not available due to the limitation of the proving ring

Using the benefit of transparent tank and an image processing
technique, the soil beneath the foundation can be observed by
the image taken from the video camera. Figures 10 to 13 were
taken at the end of the test from tests No. 1 to 4, respectively.
The pictures can provide a good indicator to define the mode
of failure of the soil by incorporating with the pressuresettlement relationship. It can be concluded the mode of
failure in Table 4.

Fig.12. Picture after test of cement-treated sample with
natural water content.

Fig.13. Picture after test of cement-treated sample at soaked
condition.

Table 4. Mode of failure for all tests
Fig.10. Picture after test of undisturbed sample with natural
water content.

Fig.11. Picture after test of undisturbed sample at soaked
condition.
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Test No.
1
2
3
4

Mode of failure
Local shear failure
Punching shear failure
N.A.
Local shear failure

The targets placed on the soil can be used to calculate the
displacement vector of the soil movement below the
foundation. The analysis of the vectors from pictures taken
before and after tests can be generated in figures 14 to 17. It
can be easily seen that the displacement vector of undisturbed
loess sample (Fig.14) are mainly in the vertical direction and
look alike the result when performing the test with pure
concrete. After adding the water, the undisturbed sample
became in the weak stage so that the size of displacement
vector at the center are very high but the size of vectors at the
left and right sides of center are smaller and are in the inclined
direction. For the cement-treated loess, the bonding from
cement can provide the higher strength and the size of
displacement vector are really small.
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Fig.14. Displacement vectors after test of undisturbed sample
with natural water content.

Fig.17. Displacement vectors after test of cement-treated
sample at soaked condition.
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Fig.15. Displacement vectors after test of undisturbed sample
at soaked condition.
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The Khon Kaen loess has a collapse potential that could
damage any construction infrastructure if it is soaked. The
characteristics of Khon Kaen loess have been investigated in
this study by laboratory. The results of the laboratory tests on
undisturbed and remolded samples are reported. The dry loess
has a rather high internal friction angle. Strength of the loess
decreases as a result of wetting. Wet loess has a low strength
and even a small pressure could create a great settlement. A
case study of foundation failure on this soil was demonstrated.
An increase in water content decreases the internal friction
angle. If water seeps through the loess for a short time, the
loess could retain its strength but after soaking, the water
could damage the building constructed on the loess. A series
of 1g tests were then conducted with the aim of observing the
behavior and performance of the foundation on loess layer.
The soil was prepared with various conditions. An undisturbed
soil sample was tested and compared the result with cementtreated soil at natural water content and at the soaked
condition. The results from the pressure-settlement
relationship demonstrate that an addition cement of 5% by
weight of dry soil can dramatically increase the bearing
capacity of loess under both natural and soaked conditions.
The pictures taken after test and the displacement vector
provide a key indicator to define the mode of failure of the
soil. The cement-mixed loess can then be considered as an
option of foundation material for low-raised building and can
be used to solve the settlement problem on the natural loess.
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Fig.16. Displacement vectors after test of cement-treated
sample at soaked condition.
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